The morphological basis of intracellular measurements in the cockroach tactile spine neuron.
The femoral tactile spine of the cockroach (Periplaneta americana) contains a single sensory neuron, which adapts rapidly and completely to step deformations of the spine. Techniques for stable intracellular recording from the tactile spine neuron have recently been established, allowing electrophysiological investigation of mechanotransduction and adaptation in this sensory neuron. However, intracellular recordings from the neuron produce a wide range of action potential heights and thresholds, raising the possibility that some penetrations are in adjacent, but closely coupled supporting glial cells. This problem is exacerbated because the cell cannot be visualized during penetration. Systematic measurements of action potential heights and thresholds were made in tactile spine cells, together with identification of some penetrated cells by intracellular injection of Lucifer Yellow. All stained cells were clearly sensory neurons, although their action potential amplitudes varied from 9 mV to 80 mV. Smaller action potentials were broader than larger action potentials, and the changes in height and shape could be explained by a simple cable conduction model using measured morphological and electrical parameters. The model could also account for the observed relationship between action potential height and threshold. These results indicate that reliable recording from the tactile spine neuron is possible, but that variability in the positions of the penetration or the spike initiating zone cause an apparently wide range of electrophysiological measurements.